Ovarian cancer is the sixth most common cancer in women and the seventh most common cause of cancer death worldwide.[@B1] Serous carcinomas comprise the majority of ovarian carcinomas, and most serous carcinomas are high grade. Currently, cytoreductive surgery with adjuvant combination chemotherapy using a platinum-based agent plus taxane is the treatment of choice for patients with ovarian carcinoma. Despite these treatments, the five-year survival rate is relatively low, especially for patients with stage III-IV disease due to frequent tumor relapse.

In order to understand chemotherapeutic resistance and tumor relapse, the mechanisms through which chemotherapeutic agents operate must be better understood. Cell cycle arrest is achieved by activation of the spindle assembly checkpoint (SAC), resulting in cellular arrest in the G2-M phase of the cell cycle. Appropriate tension across the mitotic spindle is required in order to silence the SAC, thereby facilitating mitosis. When these spindle microtubule dynamics are interfered with by microtubule-targeting agents, like taxanes, activation of SAC occurs, causing cell cycle arrest and apoptosis.

Recently, mitotic arrest deficiency protein 2 (MAD2) has been spotlighted as a key regulator of the SAC pathway. It functions by binding to its mitotic-specific activator, cdc20, which then inhibits the ubiquitin ligase activity of the anaphase-promoting complex or cyclosome and delays the onset of anaphase.[@B2] When errors in spindle assembly are detected, a sufficient level of MAD2 will causes cell cycle arrest at metaphase and inhibit the onset of anaphase until all chromosomes exhibit proper bipolar attachment to the spindle. It is believed that defects in the spindle checkpoint lead to mitotic nondisjunction and might be a cause of carcinogenesis.[@B3] Mutations in the MAD2 gene have been detected in various types of cancers and aberrant expression of MAD2 has been described as a common event observed in many cancers including liver cancer, breast cancer, colon cancer, lung cancer, and soft-tissue sarcoma.[@B3]-[@B7] In addition, aberrant expression of MAD2 has been reported to be associated with tumor initiation and progression.[@B8]-[@B10]

The role of aberrant expression of MAD2 in cellular drug resistance to chemotherapeutic agents has been studied extensively in cell culture models.[@B11] However, there are few published studies on human clinical cancer specimens. Herein, we report a study of 85 cases of resected ovarian carcinoma with MAD2 immunohistochemistry. In addition, we performed immunohistochemistry of p53, which is known to be a factor related to high-grade tumor in ovarian carcinoma.

The aims of the current study were to examine the expression of MAD2 and p53 in various types of ovarian carcinoma and to assess the relationships of MAD2 and p53 expression using immunohistochemistry with many clinicopathological variables including progression-free survival (PFS) in patients who received taxane-based chemotherapy.

MATERIALS AND METHODS
=====================

Patients and histopathological data
-----------------------------------

A total of 85 cases of ovarian carcinoma were analyzed in this study. All samples were obtained from patients undergoing laparotomy for ovarian carcinoma between 2007 and 2012.

For histologic examination, formalin-fixed and paraffin-embedded (FFPE) tumor sections obtained from resected specimens, including serous carcinoma (n=44), mucinous carcinoma (n=19), endometrioid carcinoma (n=10), clear cell carcinoma (n=10), and transitional cell carcinoma (n=2), were cut and stained with hematoxylin and eosin. Two experienced gynecologic pathologists interpreted all tumor sections and independently assessed the histologic diagnosis and grading. Nuclear grade was evaluated according to the MD Anderson Cancer Center (MDACC) binary grading system in serous and endometrioid carcinoma.[@B12] All ovarian carcinomas were classified as type I or type II according to a new model for pathogenesis of ovarian cancer, based on recently proposed clinical, pathological, and molecular genetic studies.[@B13] For each case, clinical variables such as age, stage, follow-up period, type of debulking surgery, existence of tumor relapse, and chemotherapeutic agents used were collected retrospectively. Stage was reevaluated according to the seventh edition of American Joint Committee on Cancer (AJCC) guidelines, and follow-up period was estimated from the date of the debulking surgery to the date of death from disease progression. Deaths from causes other than disease progression and non-relapsing patients at the date of final contact were censored. Optimal debulking was defined as no residual tumor greater than 1 cm in diameter, and suboptimal debulking was defined as the presence of a residual tumor with a diameter greater than 1 cm. Tumor relapse was defined as a radiological or pathological diagnosis of recurrent disease after surgery. All patients, excepting 7 cases of stage Ia mucinous carcinoma and 7 cases of serous carcinoma who refused adjuvant treatment or whose data was lost just after the surgery, received adjuvant combination chemotherapy of carboplatin with paclitaxel.

Immunohistochemistry
--------------------

Immunohistochemical studies were performed on FFPE tumor sections using the Ventana Benchmark XT immunostainer (Roche, Tucson, AZ, USA) autosomal platform system. Anti-MAD2 antibody (BD Transduction Laboratories, Franklin Lakes, NJ, USA) was diluted to 1:100. Immunohistochemistry (IHC) of p53 was also performed using the same protocol but with Dako monoclonal mouse p53 protein.

Immunohistochemistry scoring
----------------------------

Light microscopic examination was performed without the given clinicopathological data. A semi-quantitative and two-step evaluation was used to evaluate MAD2 expression. First, the intensity of the nuclear or cytoplasmic staining of MAD2 was scored as: 1+, weak; 2+, moderate; 3+, strong. The percentage of tumor cells showing an intensity score greater than 2+, moderate was then estimated in 10 vision fields at ×400 magnification. The final MAD2 score as a percentage of tumor cells was graded as follows: score 0, 0-5%; score 1, 6-25%; score 2, 26-50%; score 3, 51-75%; score 4, 76-100%. According to this scoring system, expression of MAD2 was divided into two groups: low-level expression of MAD2 (MAD2-L, with a score ≤1) and high-level expression of MAD2 (MAD2-H, with a score ≥2).

When scoring p53 expression, 10 vision fields at ×400 magnification were also examined, and the percentage of positive cells regardless of intensity was calculated. p53 IHC was graded as positive if 10% or more of the tumor cells were stained and negative if the percentage of stained tumor cells was less than 10%.

Statistical analysis
--------------------

We attempted to correlate clinicopathological variables such as age, stage, and histological classification with expression levels of MAD2 and p53 protein using the χ^2^ test and Fisher\'s exact test. Uni- and multivariate analyses of variables for PFS were performed using Cox\'s proportional hazard regression model. The Kaplan-Meier method with log-rank test was used in the generation and comparison of the PFS curve. SPSS ver. 18.0 (IBM, Armonk, NY, USA) was used for data analysis, and p\<.05 was considered statistically significant.

RESULTS
=======

Patients and tumor characteristics associated with MAD2 and p53 expression
--------------------------------------------------------------------------

The mean age of patients at the time of diagnosis was 52.2 years (range, 18 to 78 years). Staging according to the seventh edition of AJCC guidelines demonstrated stage I disease in 39 cases, stage II disease in 5 cases, stage III disease in 28 cases, and stage IV disease in 13 cases. The mean follow-up period was 24.7 months (range, 0 to 79 months). Among 37 cases of high-grade serous carcinoma, 5 cases underwent suboptimal debulking surgery.

Positive signals of MAD2 IHC showed brown-yellow nuclear or cytoplasmic staining ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). According to the histologic subtypes, distinguishing staining patterns were noted. All of the serous carcinomas showed nuclear staining. It is known that when a tumor has a low MAD2, nuclear membranous staining, illustrated by brown nuclear staining focused on the nuclear envelope, predominates. However, as the MAD2 score increases, intense nuclear staining increases as well. This phenomenon generally appeared in other histologic subtypes with the exception of endometrioid carcinoma, in which nuclear membranous staining predominated even with a high MAD2 score ([Fig. 2A](#F2){ref-type="fig"}). While most of the positive tumor cells showed nuclear staining, a few cases of mucinous carcinoma showed only cytoplasmic staining ([Fig. 2B](#F2){ref-type="fig"}). A heterogeneous staining pattern was observed in all tumor subtypes and was especially common in mucinous carcinoma ([Fig. 2C, D](#F2){ref-type="fig"}).

The median MAD2 score was 2 and the range of MAD2 scores was 0 to 4. The median and range of the MAD2 score for each histologic subtype were as follows: serous carcinoma, 2 (0-4); mucinous carcinoma, 2 (1-4); endometrioid carcinoma, 2 (0-3); clear cell carcinoma, 1 (0-2); and transitional cell carcinoma, 1 (0-2). Endometrioid carcinoma, clear cell carcinoma, and transitional cell carcinoma tend to have a low MAD2 score and typically do not show a MAD2 score of 3 or 4.

All 85 cases of ovarian carcinoma were divided into two groups according to expression level of MAD2, as described above. MAD2-L was observed in 40 cases (47.1%) and MAD2-H was observed in 45 cases (52.9%) (details are shown in [Table 1](#T1){ref-type="table"}). Age, stage, and histologic type by pathogenesis did not show significant correlation with MAD2 expression level. However, when restricting cases within serous tumors, significant association was observed between grade of serous carcinoma and expression level of MAD2. Low-grade serous carcinomas showed significant lower levels of MAD2 expression, while high-grade serous carcinomas showed significant higher levels of MAD2 expression (p=.035).

p53 showed positive staining in 42 cases (49.4%) and negative staining in 43 cases (50.6%). It revealed no association with age but significant association with stage (p=.039) and histologic type by pathogenesis (p=.003) ([Table 2](#T2){ref-type="table"}). Advanced stage and pathogenic type II tumors showed more p53-positive immunostaining. In comparing low- and high-grade serous carcinomas, significant differences in p53 immunostaining (p=.013) were also observed, as in the case of MAD2 expression.

However, a Pearson\'s chi-square test showed no significant association between MAD2 expression and p53 expression (p=.1).

Among the 85 cases, 11 relapsed within the follow-up period, including 8 cases of serous carcinoma, 2 cases of endometrioid carcinoma, and 1 case of clear cell carcinoma. All relapsed serous carcinomas were high-grade, with 5 cases classified as pathologic stage III and 3 cases as pathologic stage IV. Two of 8 relapsed high-grade serous carcinoma patients underwent suboptimal debulking surgery. When comparing 19 cases of non-relapsed high-grade serous carcinoma (excluding the censored case) with 8 cases of relapsed high-grade serous carcinoma, MAD2 expression levels were as follows: the mean, median, and range of the non-relapsed group were 2.11, 2, and 0-4, respectively, whereas those of the relapsed group were 1.63, 1, and 0-4. Analyzed by Fisher\'s exact test, the relapsed group showed significant association with the MAD2-L group (p=.033).

Prognostic implications
-----------------------

All collected clinicopathological parameters were analyzed for prognostic implications. PFS of all of the 85 patients was estimated. Uni- and multivariate analysis were performed to evaluate the associations between PFS and other parameters, including age (≥60 years vs \<60 years), stage (III, IV vs I, II), type of pathogenesis of ovarian tumors (type II vs type I), MAD2 expression (MAD2-L vs MAD2-H), and p53 expression (positive vs negative) ([Table 3](#T3){ref-type="table"}). In univariate analysis, age older than 60 (p=.007), advanced stage (stage III, IV) (p=.025), and type II tumor of ovarian tumor pathogenesis (p=.037) showed a significant association with short PFS. However, in multivariate analysis, only age (p=.02) showed a significant prognostic implication.

When discussing ovarian carcinoma, most are classified as high-grade serous carcinoma, and among 11 cases of relapse in this study, 8 cases were high-grade serous carcinoma, and all of the relapsed serous carcinomas were high-grade. Therefore, we constructed a Kaplan-Meier survival curve to compare the MAD2-L and MAD2-H groups of high-grade serous carcinoma, which showed significant correlation between MAD2 expression and PFS (p=.04) ([Fig. 3](#F3){ref-type="fig"}). The MAD2-L group of high-grade serous carcinoma showed shorter PFS than the MAD-H group of high-grade serous carcinoma. We performed an additional analysis for the prognostic variables influencing tumor relapse on the subject of high-grade serous carcinoma cases. Multivariate analysis of variables, including age (≥60 years vs \<60 years), stage (III, IV vs I, II), MAD2 expression (MAD2-L vs MAD2-H), p53 expression (positive vs negative), debulking surgery (suboptimal vs optimal), with PFS revealed that MAD2 expression (p=.016) was a significant prognostic factor affecting PFS in high-grade serous carcinoma along with age (p=.044) and type of debulking surgery (p=.016) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

When scoring expression of MAD2 on light microscopy, the heterogeneity of staining was the most troublesome. The heterogeneity occurred primarily in percentage scoring rather than intensity scoring and was especially prominent in mucinous carcinoma. Even within the same slide, the percentage of positive staining cells was almost 100% in some areas of the tumor, while the percentage was nearly 0% in other areas. For accuracy of the MAD2 score, we attempted to estimate the percentage of positive tumor cell staining with an intensity score greater than 2+ in the whole slide field, but it was nearly impossible due to severe heterogeneity in staining. Therefore, we randomly selected 10 high-power vision fields as representative of the whole slide. This may have resulted in some selection bias in MAD2 scoring in cases of mucinous carcinoma. However, we think that MAD2 scoring was accurate and appropriate for the study.

Aberrant expression of MAD2, especially MAD2 overexpression, has reportedly been associated with tumorigenesis and tumor progression.[@B3]-[@B10] High-level expression of MAD2 was identified as an independent prognostic factor in lung cancer and colon cancer.[@B6],[@B7] Tumor cells in gastric cancer with liver metastasis showed higher expression of MAD2 than in gastric cancer without liver metastasis, suggesting the ratio of MAD2 expression of cancer to normal gastric tissue as a predictive marker for liver metastasis.[@B8] Additionally, in soft-tissue sarcoma, MAD2 overexpression showed an association with pleomorphic morphology and abnormal mitosis.[@B5] However, the mechanism of MAD2 overexpression contribution to tumor progression and aggressiveness is not fully understood. A recent cell culture model experiment conducted by Schvartzman et al.[@B11] provided direct evidence of the necessity of MAD2 overexpression for generation of chromosome instability (CIN) in the p53 or retinoblastoma (Rb) mutant model. MAD2 is thought to be repressed by p53 or Rb. Therefore, inhibition of p53 or Rb, which are widespread events in human malignancy, lead to upregulation of MAD2.

On the other hand, pathogenesis of ovarian tumors was newly divided into two groups designated as type I and type II.[@B13] They are considered to have different pathogeneses, with different clinical, pathologic, and molecular features. *TP53* mutation is frequent in type II tumors and have high chromosomal instability compared with type I tumors. In this study, p53 expression showed a strong correlation with the type of ovarian carcinoma (p=.003), and this is consistent with our knowledge and the results of many other studies.[@B14],[@B15] Results of our study revealed a relationship between p53 expression and advanced stage (p=.039), type I pathogenesis (p=.003) and high nuclear grade in serous carcinoma (p=.013), but no significant relationship between p53 expression and PFS.

In cases of MAD2 expression, no significant correlation was observed between type I and type II tumors (p=.32). However, when limiting cases within serous tumors, the grade of serous tumor showed a statistically significant correlation with MAD2 expression (p=.035) ([Table 1](#T1){ref-type="table"}). Low-grade serous carcinoma tends to show a low level of MAD2 expression, and high-grade serous carcinoma tends to show a high level of MAD2 expression. This result can be explained by the relationship of a high level of CIN observed in high-grade serous carcinoma, a kind of type II tumor, and by MAD2 being an important mediator in development of CIN. This is the first paper reporting on differences in expression of MAD2 in different types of ovarian carcinoma and the significant association of MAD2 expression with grade of serous carcinoma in relation to CIN. However, in this study, the relationship between p53 expression and MAD2 expression showed no significant correlation. This indicates the existence of another pathway in development of CIN, which is also involved with the MAD2-mediated p53 inhibition pathway.

MAD2 expression also showed prognostic implication in patients with ovarian carcinoma. In high-grade serous carcinoma, MAD2 expression level was identified as a significant prognostic factor influencing PFS along with age and type of debulking surgery when using a multivariate Cox\'s proportional hazard model. The low-level MAD2 expression group showed significantly reduced PFS compared with the high-level MAD2 expression group. This result is in agreement with other previously conducted studies in ovarian carcinoma and in carcinoma in other organs.[@B16]-[@B20] We similarly conclude that low expression level of MAD2 is associated with reduced PFS in high-grade serous carcinoma, supporting the previous study and contributing additional data.[@B18] However, we performed MAD2 IHC on diverse types of ovarian carcinoma and obtained various expression patterns of MAD2, including different expression levels observed in low- and high-grade serous carcinoma. In high-grade serous carcinoma, age, MAD2 score group, and type of debulking surgery were significant prognostic factors in multivariate analysis. But, pathologic stage, generally known as an important prognostic factor, appeared to have no prognostic significance. These findings may imply the questionable representation of our samples. Nevertheless, it is suggested that high-grade serous carcinoma with low expression of MAD2 has the tendency for poor prognosis and shorter PFS, which showed statistical significance in this study.

An experiment demonstrating the importance of MAD2 in its mitotic checkpoint function in response to microtubule disruption agent in ovarian carcinoma has recently been conducted. In checkpoint-defective ovarian cell lines, induced expression of MAD2 restored the mitotic checkpoint function.[@B21] This indicates that decreased expression of MAD2 may contribute to defective mitotic checkpoint control and restoration of MAD2 expression induces mitotic arrest in response to microtubule disruption. Therefore, in order to achieve a sufficient effect of a microtubule stabilizing agent like taxane, a sufficient MAD2 level must be ensured, and, if the expression level of MAD2 is low, defective mitotic checkpoint function, low efficacy of microtubule disruption agent and high risk of cancer relapse are anticipated. This has a significant implication for the possibility of using MAD2 expression level by immunohistochemistry as an index for predicting the response of a microtubule disruption agent as well as for future patient selection and therapeutic intervention in ovarian cancer. However, further studies and verification are needed.

In this study, expression of p53 and MAD2 showed good correlation with histopathogenesis. In addition, we report an association of MAD2 expression with the grade of ovarian serous carcinoma. Findings of this study revealed that MAD2 expression level in tumor cells is an important prognostic factor, along with age and type of debulking surgery, related to PFS in high-grade ovarian serous carcinoma. We suggest that high-grade ovarian serous carcinoma with low level expression of MAD2 in immunohistochemistry may be resistant to microtubule-disrupting agent and may show earlier recurrence. Extensive further studies and verification are necessary in order to confirm the potential of the use of immunohistochemistry of MAD2 as an easy and effective parameter in the treatment of patients with ovarian cancer.
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![Various immunohistochemical expression levels of mitotic arrest deficiency protein 2 (MAD2) in ovarian serous carcinoma are demonstrated. MAD2 score 1 (A), MAD2 score 2 (B), MAD2 score 3 (C), and MAD2 score 4 (D).](kjpathol-47-418-g001){#F1}

![Nuclear membranous staining pattern in ovarian endometrioid carcinoma (A), and cytoplasmic staining pattern in ovarian mucinous carcinoma (B). (C, D) In ovarian mucinous carcinoma, heterogeneous staining pattern is commonly observed. High-level mitotic arrest deficiency protein 2 (MAD2) expression and low-level MAD2 expression coexist in the same tumor.](kjpathol-47-418-g002){#F2}

![Kaplan-Meier survival curves show a significant correlation between high or low expression levels of mitotic arrest deficiency protein 2 (MAD2) and progression-free survival in high-grade serous carcinoma (p=.04).](kjpathol-47-418-g003){#F3}
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Associations between MAD2 expression and clinicopathologic features in patients with ovarian carcinoma
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Values are presented as number (%).

MAD2, mitotic arrest deficieny protein 2; CA, carcinoma.

^a^MAD2-L is a group of ovarian carcinomas showing low-level expression of MAD2 (with MAD2 score≤1); ^b^MAD2-H is a group of ovarian carcinomas showing high-level expression of MAD2 (with MAD2 score≥2); ^c^Staging is checked according to the seventh edition of American Joint committee on Cancer (AJCC) guidelines; ^d^Significant.
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Associations between p53 expression and clinicopathologic features in patients with ovarian carcinoma
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Values are presented as number (%).

CA, carcinoma.

^a^Staging is checked according to the seventh edition of American Joint Committee on Cancer (AJCC) guidelines; ^b^Significant.
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Prognostic factors in Cox\'s proportional hazard model in ovarian carcinoma
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CI, confidence interval; CA, carcinoma; MAD2, mitotic arrest deficieny protein 2.

^a^MAD2-L is a group of ovarian carcinomas showing low-level expression of MAD2 (with MAD2 score≤1); ^b^MAD2-H is a group of ovarian carcinomas showing high-level expression of MAD2 (with MAD2 score≥2); ^c^Significant.
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Prognostic factors in Cox\'s proportional hazard model in ovarian high-grade serous carcinoma
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CI, confidence interval; MAD2, mitotic arrest deficieny protein 2.

^a^MAD2-L is a group of ovarian carcinomas showing low-level expression of MAD2 (with MAD2 score≤1); ^b^MAD2-H is a group of ovarian carcinomas showing high-level expression of MAD2 (with MAD2 score≥2); ^c^Significant.
